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INTIiODUCTION 


Viral  hcpatitii.  icnwins  an  inportant;  health  prohlein  to  personnel  of 
military  age.  Conservative  estimates  iiulicate  that  there  are  at  least 

30.000  cases  of  posttransfusion  hepatitis  each  year  as  well  as  an  additional 
largo  tnimbor  of  cases  of  hepatitis  relating  to  routes  of  inoculation  other 
tlian  blood  transfusions.  Moreover,  morbidity  reports  document  at  least 

3.000  deaths  per  year  from  viral  hepatitis  and  recent  data  suggests  that 
approximately  10  to  of  patients  who  have  hepatitis  B and  ^0  to  of 
patients  who  develop  non  A non  B hepatitis  will  develop  chronic  liver  disease 
and, of  these,  a major  proportion  eventually  develop  cirrhosis  with  early 
death.  Furthermore,  the  nrorbidity  from  episodes  of  acute  liepatitis  among 
military  personnel  is  especially  significant.  Many  of  our  largest  epidemics 
of  viral  hepatitis  have  occurred  in  flaval  installations.  For  example,  an 
outbreak  of  hepatitis  A at  the  San  Diego  Naval  Base  in  1976  resulted  in  the 
exposure  of  2,000  recruits  and  clinical  illness  in  approximately  200  enlisted 
men.  Similar  episodes  have  been  described  at  other  Naval  bases  in  previous 
years . 

Only  in  recent  years  have  significant  advances  been  made  in  understanding 
the  pathogenesis  of  viral  hepatitis.  The  development  of  sensitive  new  sero- 
logic techniques  has  now  allowed  us  to  differentiate  amongst  the  fornis  of 
viral  hepatitis  and  this  in  turn  has  made  it  possible  to  consider  the  develop- 
ment of  methods  of  prophylaxis  such  os  specific  viral  vaccines.  In  order  to 
prevent  hepatitis  by  vaccine  or  gamma  globulin,  basic  research  must  be 
accomplished  to  understand  the  steps  leading  to  viral  replication  v.'hich  in 
turn  result  in  disease.  Only  through  this  understanding  will  it  be  possible 
to  successfully  cultivate  the  viruses  of  hepatitis  A,  hepatitis  B,  and  non  A 
non  S hepatitis.  The  program  established  by  the  Office  of  Naval  Research  at 
the  University  of  California  at  Los  Angeles  has  been  designed  to  proceed  in  a 
stepwise  fashion  to  utiravel  the  complex  interactions  that  lead  to  the  multi- 
plication of  hepatitis  viruses  in  human  cel^s.  ' It  is  our  hope  that  this 
approach  will  eventually  enable  us  to  develop  techniques  for  the  successful 
propagation  of  these  viruses  and  the  development  of  effective  vaccines  or 
other  means  of  prophylaxis. 

METHODS 

1 . Sources  o f Potentially  Infectious  Virus 


Our  previous  reports  have  documented  an  approach  to  the  identification 
of  inocula  likely  to  contain  hepatitis  virus.  We  have  obtained  stool  speci- 
mens from  patients  in  the  acute  phase  of  hepatitis  A.  Electron-microscopic 
studies  have  documented  that  these  specimens  contain  viral  particles.  Serum 
specimens  were  obtained  from  patients  with  acute  hepatitis  B who  had  been 
prospectively  followed  after  blood  transfusions.  Electron-microscopic  studies 
demonstrated  the  presence  of  v/hole  virus  particles  in  these  serum  specimens. 
The  development  of  materials  likely  to  contain  non  A non  B hepatitis  virus 
required  a norc  difficult  undertaking.  In  order  to  identify  plasma  likely  to 
bo  rich  in  non  A non  B hepatitis  virus  it  was  necessary  to  prospectively 
follow  patients  after  blood  transfusion.  Fortunately,  previous  serologic 
studies  had  indicated  that  those  patients  who  received  blood  units  rich  in 
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carciriycmbcyonic  antigen  (CL70  v;liicii  alio  l)ad  elevated  sonim  glutamic  jj} 
ruvic  transaminase  (SGf'l)  levels  were  likely  to  eventually  develop  non  / 
non  B hepatitis.  Using  tiiis  informition  such  f>aticnts  were  identified  aitcr 
retrospectively  evaluating  aliguuts  of  the  hlood  units  they  received.  Tiiese 
patients  were  prospectively  fol  lowed  and  plasma  was  obtained  b'^fore,  during 
and  after  the  dovolopi'iont  of  posttrans  fits  ion  non  A non  B hepatitis.  Util- 
izing the  techiiignes  of  affinity  chromatography  and  ul  tracentri  fiigation  tlie 
potentially  infectious  rmiterials  were  partially  purified  and  concentrated 
and  subsequcritly  inoculated  into  experimental  tissue  culture  lines. 

2 . .Pfejwray  onj)_f_  Xi^^-iP_P'0 

Hopatocyte  cultures  wore  established  using  tc-chnigues  previously  devel- 
oped in  this  contract  program.  Cloned  hopitocytes  were  maintained  in  monolayer 
culture  using  a growth  medium  consisting  of  Rl’MI  IGAO  medii!;ii  fortified  with 
20?'  fetal  call  serum,  600  mg/l  hactotjoptone,  300  rng/L  of  L-gl utanine  and 
136  taU/L  of  crystalline  insulin.  Cultures  were  grown  in  a C0„  incubator  at 
370c.  Once  the  monolayer  was  maintained  the  growth  medium  was  changed  to  a 
maintenance  media  and  the  fetal  calf  serin  was  reduced  to  2'«. 

Monolayer  cultures  of  small  bowel  cells  were  prepared  using  the  techniques 
described  above.  The  same  growth  arid  maintenance  media  rvere  employed  as  were 
the  techniques  for  tissue  culture  development. 

Inoculation 

Inocula  were  diluted  1:4  in  growth  media  and  0.3  ml  of  inoculum  was  used 
in  each  tube  or  flask.  Pelleted,  virus-like  material  which  v/as  derived  by 
affinitiy  chromatography  and  subsequent  ultracentrifugation  was  resuspended  in, 
and  dialyzed  in,  three  changes  of  normal  saline.  0.3  ml  of  each  inoculum  was 
then  placed  in  six  tissue  culture  tubes  or  flasks.  Control  material  consisted 
of  sera  prepared  in  a similar  manner  using  the  same  technirpjes  but  obtained 
from  race,  age,  and  sex  matched  patients  who  did  not  have  hepatitis.  For  the 
hepatitis  A studies  stool  specimens  which  had  been  partially  purified  were 
utilized  from  similar  matched  controls. 

RESULTS 

Initial  studies  confirmed  the  presence  of  virus-like  particles  in  the 
hepatitis  A and  hepatitis  B inocula.  These  particles  have  a configuration 
and  appearance  previously  documented  for  hepatitis  A and  hepatitis  B viruses. 
Furthermore,  specific  antibody  directed  against  these  agents  produced  agglutin- 
ation of  virus  particles  v/hen  examined  under  the  elcctron-microscope.  Llectron- 
microscopic  studies  of  the  non  A non  B preparations  did  not  reveal  particles 
thought  to  represent  viruses.  Others  have  also  failed  to  demonstrate  electron- 
microscopic  evidence  of  virus  particles  in  sera  obtained  from  non  A non  B 
patients  even  though  such  sera  had  been  shown  to  produce  hepatitis.  Uowe- 
ever,  because  of  the  question  of  the  infectivity  of  this  material  v/e  also 
utilized  plasma  obtained  from  blood  units  which  later  were  shown  to  cause 
hepatitis  in  the  recipients  of  those  units.  Thus,  in  the  ongoing  study  des- 
cribed in  previous  reports  we  had  frozen  av/ay  aliquots  of  blood  units  trans- 
fused to  our  patients.  When  such  patients  then  developed  non  A non  B hepa- 
titis we  were  able  not  only  to  obtain  speciniCMis  from  the  hepatitis  patients 


I'Ut  also  lo  H''  I'  i'lto  our  froo/ers  and  rcmovo  aliquot';  of  llu?  lolond  uni1''> 
v/iiith  uclualiy  oau'.fd  non  A non  !5  licpatitis.  These  aliquots  v,".'i'0  oxawinecl 
under  Llie  clcctror;  Microscope  and  also  failed  to  show  evidence  of  virus-lil;i' 
particles,  hcvc-ri.liel oss , since  we  tnew  tiial  they  liad  resulted  in  hepatitis 
in  their  reciirients  tiiey  v/ere  used  for  tissue  cultiire  iiioculation.  Since 
many  of  our  recipients  received  three  to  five  blood  units  it  often  was 
necessary  to  inoculate  tissue  culture  wit),  aliquots  of  units  in  wiiich  we 
were  not  certain  whicli  unit  actually  produced  non  A non  B hepatitis  but  in 
which  we  did  Itiow  that  at  least  one  of  the  inoculated  units  must  have  pro- 
duced tlie  disease. 

Thus  far,  norie  of  the  inocula  have  resulted  in  the  cicveloiaaent  of  cyto- 
pathic  change  in  the  tissue  culture  systeiiis  studied.  Ilov.'ever,  when  an  inter- 
ference assay  is  used,  similar  to  that  used  for  the  detection  of  rubella 
virus,  cvidetice  of  an  interfering  agent  has  soniotimes  been  {iocumented  in 
those  culture  systems  inociilated  with  material  containing  hepatitis  A virus. 
Testing  the  ability  of  specific  antibody  to  inhibit  this  interference  lias  tt.us 
far  failed  to  confirm  that  an  interfering  viral  agent  lias  been  cultivated. 
However,  the  data  is  suggestive  tliat  this  may  be  occurring.  Inter ference 
tests  when  applied  to  tlie  hepatitis  B inoculated  material  or  tiu’  non  A non  P. 
inoculated  material  have  not  resulted  in  evidence  of  viral  replication. 

DlSCUSSIOIi 

Scientists  have  struggled  for  four  decades  in  an  attempt  to  cultivate 
the  hepatitis  virus.  Clearly  this  is  not,  and  will  not  be,  an  easy  task. 
However,  if  effective  vaccines  are  to  be  developed  it  is  likely  that  the 
host  vaccine  will  come  only  if  virus  is  successfully  cultivaJed  in  tissue 
culture  systems.  To  accomplish  this,  scientists  must  understand  the  unique 
asnects  of  these  unusual  viruses.  The  first  step  in  understanding  the  inter- 
action between  virus  and  host  cell  must  bo  in  assessing  the  ability  of  viruses 
to  establish  infection  in  various  tissue  culture  systems.  Thus , tin s prograiii 
was  designed  to  meticulously  develop  several  tissue  culture  systems  likely  lo 
support  hepatitis  viruses  and  then  to  assess  the  steps  in  viral  infection 
including  attachment,  entrance  into  the  cell,  replication  of  viral  nucleo- 
protein  and  eventually  immune  cytolysis  of  the  cell  system  if  such  is  to 
develop.  To  accomplish  this,  we  have  successfully  developed  unique  tissue 
culture  systems  and  have  reproducibly  shown  that  these  cell  lines  can  be 
maintained  not  only  for  short  periods  of  time  but  also  for  long  lime  inter- 
vals. Recently,  we  have  developed  materials  likely  to  be  highly  infectious 
and  proven  to  have  caused  hepatitis  in  human  recipients.  Our  current  studies 
are  aimed  at  utilising  tfiose  unique  reagents  in  assessing  the  mechanisms  by 
which  hepatitis  viruses  may  replicate  in  human  cells. 

FUTURE  PLANS 

Based  on  current  data,  one  step  in  understanding  the  ability  of  liepatitis 
virus  to  infect  Ituman  colls  may  be  in  the  development  of  appropriate  inter- 
fering assays  in  the  search  for  interferon-1  ike  substances  which  may  be 
produced  by  hepatitis  viruses.  A major  insight  into  the  mechanisms  of  virus- 
cell interaction  may  result.  In  addition,  in  order  to  assay  non  A non  B 
hepatitis  virus,  future  studies  must  concentrate  on  the  development  of  a 
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seroloijic  assay  systORi.  Futiii'O  studios  sii'^uld  lio  aimod  at  (!cvc/lo|.-incj  a 
sensitive  raciioimminoassay  or  oiuymo  iiiiinuiioassay  for  Itio  i_ri  \Jtrn  detection 
of  non  A non  C hepatitis  virus. 
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Hcpato_c:^te  ail 
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Viral  hepatitis  is  an  illness  of  increasing  importance  to  persons  of 
military  age.  Although  iiepatitis  A is  not  associated  with  chronic  liver 
disease  it  is  associated  with  importarl  morbidity.  Hepatitis  B leads  to 
chronic  liver  dir.e(ase  in  10  to  ^¥/,  ot  patients  while  non  A non  B hepatitis 
produces  rlironic  liver  disease  in  ?0  to  40%  of  patients.  Because  of  these 
important  sf'guelae  of  viral  hepatitis  it  is  iinpor'tant  that  efforts  he  under 
taken  to  iiiiderstaml  the  interactions  hetv/een  ttie  virus  and  human  host  cells 
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si'Kilt  hov.'ct  cnlls  i'or  I (rattiv.ti  ion  oF  Imiial.  if  i'.  vinii.o'..  iiocenfly 

\;o  liavo  Ir'Mi  succor.';  1 1)1  in  devoloji  i uy  ronyi'iiis  likoly  !,n  conlain  i n I cfi  iuus 
vit'iis.  tiras,  sLciot  siH'ciatens  fcuni  !u:'patii.is  A pationks  have  lioou  (ihkniut'd  and 
jjurifioi!.  soium  s|iec  iinatis  f , oi.i  la.pa  ti  ti  s k liaiiont',  liavf:  i'ooii  uf'iainod  and 
are  known  t.o  conliiin  '.jlioto  virus  pat  Lid  o-:, . Ihronyh  studios  of  ))0",l.trans  Fusioi 
licpat. itis,  ill Fcctious  plasma  known  Lo  produce  non  A non  li  iiopa l,i  Fir.  lias  bom 
identified  as  lias  rnnvat  ov-cont  sera  froiii  sucli  ftafients.  Tissue  (.ulture  sludic" 
ii-tvo  I'cen  under  i a km  for  l.hc  cnll.ivation  of  fiepai'.itis  viruses,  fvidrrico  of 
cytniiril'hic  chanyo  has  not  been  sm  ii  wifh  any  of  the  viral  isolaims  of  any  of 
tiio  viral  natorial  . Ilciwovcr.,  witii  liopafitis  A,  a possible  iritcrfor inn  ayent 
has  i'cen  suyycsfnd  huL  definilive  evidence  in  ibis  royard  is  not  available, 
fork  is  continuiny  aimed  at  furi.hi'r  efforts  at  di’kininy  virus  host  cell  inter- 
adions  in  order  to  stimulate  i ntrat  el  1 u I a r viral  replication.  i 
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